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Abstract
Objective: The aim of this study was to verify the influence of a specific exercise program on the strength and resistance 
levels of lumbar flexors and extensors in warehouse workers. Materials and Methods: The population used in this random­
ized controlled trial included 557 warehouse male workers from a food distribution company in Oporto/Portugal. Upon the 
application of the selection criteria, 98 workers deemed eligible were randomized in two groups: 57 were assigned to the 
intervention group and 41 to the control group. The intervention included 9 easily-executed exercises to promote stretching 
and strengthening of the lumbar region, to be executed daily, at the beginning of the working time, at the company facilities 
and lasting 8’. Trunk muscles’ voluntary strength and resistance were measured using an isometric electronic dynamometer 
(Globus Ergometer, Globus, Codigné, Italy) at baseline and eleven months after implementing the exercise program. The 
data was analyzed using SPSS®, version 17.0. Results: After implementation of the exercise program, in the interven­
tion group, all variables increased, significant differences were observed as for the muscle strength and resistance values 
(p = 0.014 and p = 0.006, respectively), as well as in the ratio extensors/flexors (p = 0.037). In the control group, all vari­
ables decreased, with a statistically significant decrease of the trunk flexors strength level (p = 0.009). Conclusion: The re­
sults of this study suggest that a specific exercise intervention program can increase trunk extensors strength and resistance.
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INTRODUCTION
Low back pain (LBP) is the main cause of incapacity in 
industrialized countries [1–6]. Epidemiological studies de-
monstrate the incidence of LBP in approximately 60% of 
industrial workers throughout their lives [7]. In fact, LBP 
constitutes the major cause of work absence, as it is one 
of the causes of limitation of the locomotor system, and 
one of the most common reasons for seeking medical 
assistance. As a consequence, LBP is responsible for in­
creased in social costs and a reduction in productivity and 
in the ability to perform everyday tasks. This, in turn, re­
sults in employee replacement by other workers and origi­
nates temporary or even definitive retirement [8–10].
It is generally accepted that prolonged, static, sitting pos­
tures, such as those adopted during driving, are more like­
ly to aggravate a preexisting LBP condition or instigate 
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that physical exercise has a documented effect on lum­
bar pain prevention, muscle strength and resistance [34]. 
On the other hand, van Poppel et al. concluded that there 
is very limited evidence as to the benefits of applying an 
exercise program [38]. The aim of this study was to verify 
the influence of an 11-month specific exercise program on 
the strength and resistance levels of lumbar flexors and 
extensors in warehouse workers.
MATERIALS AND METHODS
Study Design
This study was a randomized controlled trial.
Sample
The population used in this study included 557 ware­
house male workers from a food distribution company in 
Oporto/Portugal. All workers were involved in a routine 
of overcharge tasks and/or repetitive movements and they 
worked under low temperatures (between 0° and 4°C) 
during all seasons of the year. According to the company 
norms, all workers wore cold protective clothing, gloves, 
boots and lumbar support belts.
After informing the clinical physician and human resourc­
es staff on the criteria that would have to be taken into 
account for subject selection, the company has provided us 
with an alphabetically organized list of 143 eligible work­
ers, corresponding to 25% of the population. The sample 
was randomized in two groups (72 in the intervention 
group and 71 in the control group). Then, the subjects 
were asked to volunteer to participate in the study based 
on a written consent. The sample included 57 volunteers 
for the intervention group and 41 for the control group. 
At baseline the sample was n = 98, corresponding to 17% 
of the population.
This study included all male workers who did not oppose 
to being measured as to their maximal isometric strength 
and resistance of trunk flexors and extensors and who 
the development of a new one [11,12]. In fact, adopting 
a wrong posture, combined with the effects of vibration 
and prolonged driving times, have been identified as 
sources of increased risk of low back injuries ranging from 
disk herniations to general musculoskeletal strains and 
sprains [13–15].
De Carvalho et al. have shown that during automobile 
sitting, with no lumbar support, the lumbar spine flattens 
completely and yet maintains nearly standing levels of 
intervertebral joint angles at L5/S1 [16]. This situation is 
highly suggestive of large strains at the posterior aspect 
of the intervertebral disks at L4/L5. This is not surpris­
ing, as this segment is often referred to as one of the most 
common levels of lumbar disk herniation. Generally this 
is due to abnormalities in the posterior muscles, tendons 
and ligaments of the trunk and it can be attributed to 
various physical activities, such as lifting weight and re­
maining in a standing or sitting position for long periods 
of time [17–19].
The musculoskeletal system, above all, guarantees sta­
bility to the spine in everyday tasks [20,21]. When it is 
weaken ed, spinal joints and ligaments can become over­
loaded, increasing the probability of injury incidents at the 
lumbar spine. Muscle weakness proceeds from disuse, re­
maining in certain positions for long periods or even from 
tiredness caused by repetitive gestures, resulting in an 
excessive transfer of load to the spine structures, causing 
pain [17,20,22–24]. There is also evidence suggesting that 
muscle weakness is one of the risk factors for LBP [25–30]. 
The importance of rehabilitating the trunk muscles to 
maintain the lumbar lordosis is clear, as it seems to have 
a protective effect on the structures of the spine in dif­
ferent postures. Taking these considerations into account, 
more relevance has been given to implement the exercise 
program specifically directed to workers, not only to de­
crease LBP [31–34], but also to prevent it [30,33,35–37].
While systematically reviewing the literature of all inter­
ventions performed in workplaces, Tveito et al. verified 
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Instruments
An isometric electronic dynamometer (Globus Ergo­
meter, Globus, Codigné, Italy) was used to measure the 
resistance (in seconds) and maximal isometric strength 
(in Kgf) of trunk flexors and extensors. According to Rob­
inson et al. the Intraclass Correlation Coefficient (ICC) of 
this instrument is 0.93, in the test-retest for the maximal 
isometric strength, 0.93 in the Pearson Correlation Coef­
ficient, and 0.85 in the test-retest for the isometric resis­
tance [45]. Generic health status survey questionnaires 
were used to select and characterize the sample.
Procedures
The exercise program was implemented in several stag­
es. At first, visits to the warehouse facilities allowed the 
researchers to know the type of tasks executed by work­
ers and the most common injuries. Upon evaluation of 
risks and most repeated gestures, an adequate exercise 
program was created. This program included nine easily-
executed exercises to promote stretching and strengthen­
ing of soft tissues responsible for spinal stability, especially 
lumbar stability. This program was applied, with exercises 
being executed daily, at the beginning of the working time, 
at the company facilities and lasting approximately eight 
minutes. To motivate the workers to adhere to the pro­
gram and follow it, there were several training sessions 
and posters illustrating the exercise program to execute 
were distributed at the company facilities. 
completed the exercise program. The subjects were ex­
cluded if they met at least one of these criteria: 
 – presented a clinically diagnosed pathology which 
prevented them from executing the exercises or the 
strength and resistance tests [39]; 
 – had been subjected to to abdominal or lumbar­pelvic 
surgery [26,40]; 
 – suffered from any musculoskeletal injury or chronic 
illness [40]; 
 – were taking any medication which could influence the 
viscous elastic properties of soft tissue [41]; 
 – were taking pain killers or AINS [41]; 
 – had been under back pain treatment for the last 
year [20]; 
 – were unable to maintain a correct posture during the 
measurement of muscle strength and resistance [21]; 
 – reported LBP [39,42,43]; or 
 – practiced regular physical exercise [44].
There were 26 losses at the end of the research: 
15 (26.32%) from the intervention group and 11 (26.83%) 
from the control group, leading to the sample reduced at 
the end of the program to 72 workers, 42 in the interven­
tion group and 30 in the control group. These losses re­
sulted from workers leaving the company, changing work­
place or giving up participating in the study before the end 
of the program.
Individual characteristics of the sample as for age, weight, 
height and Body Mass Index (BMI) are presented in Table 1.
Table 1. Sample characteristics (N = 98)
Sample
Intervention group
(N = 57)
Control group
(N = 41)
mean±SD minimum maximum mean±SD minimum maximum
Age (years) 33.50±8.17 20.00 49.00 27.40±6.25 20.00 45.00
Weight (kg) 77.00±11.10 56.00 104.00 78.10±14.65 57.00 110.00
Height (cm) 175.00±7.40 161.00 194.00 175.00±9.30 150.00 187.00
BMI (kg/m2) 25.20±2.05 21.60 27.60 25.60±1.69 25.30 31.50
SD – standard deviation.
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the possibility of executing the same exercises which 
were implemented in the intervention group.
The study was conducted between February 2005 and 
March 2007, with authorization granted by the compa­
ny and according to a protocol agreed on between the 
institutions involved. All participants provided written 
informed consents before entering the study. All proce­
dures were in accordance with the Helsinki Declaration. 
The study design was approved by the ethics committee 
of Escola Superior de Tecnologia da Saúde do Porto, in 
Portugal.
Statistics 
Descriptive and inferential statistics were used for the re­
sult analysis. The student’s t test for independent samples 
was used to analyze the differences between mean values 
in both groups. To analyze the differences between the 
mean values in each group before and after the exercise 
program, the student’s t test for paired samples was used. 
The level of significance was set as 5%. Statistical analysis 
was conducted using SPSS® 17.0 for Windows®.
RESULTS 
Results in Table 2 illustrate an increase in all variables 
after the implementation of the exercise program dur­
ing 11 months, in the intervention group. The  results 
are statistically significant for trunk extensors strength 
(p = 0.014), trunk extensors resistance (p = 0.006), and 
the ratio between the trunk extensors/flexors strength 
(p = 0.037). 
In the control group, there was a statistically significant 
decrease of the trunk flexors strength level (p = 0.009). 
Neither the increase in the flexors’ resistance nor the 
decrease in the extensors’ strength and resistance were 
statistically significant. As for the ratio between the trunk 
extensors/flexors strength in the control group, there was 
a decrease, but without statistical significance. 
Facilitators of the program included physiotherapists 
who visited the warehouse facilities every 15 days to cor­
rect possible execution errors or to answer the doubts 
and questions from the workers as to the exercise pro­
gram. The program efficacy was evaluated twice – at 
baseline and 11 months following the participation in the 
program.
All evaluations were preceded by a 5­minute warming up, 
which involved some callisthenic exercises [46–49]. Then, 
individuals were positioned in the test position. For this, 
an 8­cm wide band was placed around the subjects’ shoul­
ders, just below the medial end of the clavicles and hori­
zontally connected with the dynamometer by a steel cable 
[28,50]. To increase the stability, pelvic supports were 
placed by the fourth and fifth lumbar vertebrae and on the 
inferior third of the thighs. Individuals were asked to stand 
on a nonslip surface, with their back positioned against 
a pelvic supporting board as the trunk flexors strength 
was measured and their front against the board as trunk 
extensors strength was evaluated [28,50,51]. A short train­
ing in the test position, which consisted of 3 submaximal 
contractions for flexion or extension of the trunk, depend­
ing on the test, was performed prior to the measurements. 
This warming up period allowed the subjects to get used to 
the equipment an learn how to use it.
After a 1­minute rest, individuals were encouraged to 
produce their maximal strength for flexion or extension 
of the trunk. Then, in the same position, resistance tests 
were made at 60% of their maximum voluntary contrac­
tion, both for trunk flexors and extensors [52,53]. During 
the execution of muscle contractions, verbal encourage­
ment was constantly given, in order to stimulate both 
the maximal strength and the period of time in which 
the individuals endured the resistance test. The inter­
val between the strength and resistance tests was 15 mi­
nutes [54].
The control group participated in the pre­ and post­pro­
gram tests. At the end of the study this group was offered 
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Although several studies have addressed exercise pro­
grams very similar to ours as to intensity and duration and 
in the methods adopted to measure muscle strength and 
resistance, none of them have included all these aspects. 
The strength and resistance levels of lumbar extensors 
improved after the exercise program. These results are 
consistent with those obtained in the studies of Mannion 
et al. and Gundewall et al., which have used a specific 
exercise program, executed twice a week, with a dura­
tion between 10 and 20 minutes [39,56]. Moffroid also 
verified an improvement in the trunk extensors strength 
and resistance levels after following an exercise program 
for 6 weeks [57]. However, this program only included 
exercises for lumbar extensors. Koumantakies et al. ob­
served an increase in the strength, not only for extensors 
but also for lumbar flexors, after implementing a 15-mi-
nute exercise program applied specifically to the lumbar 
region [52]. In a study by Holmstrom and Ahlborg the lack 
of improvement concerning the trunk muscle strength 
and a small increase in the lumbar extensor muscle re­
sistance were not seen as significant [44]. These results 
were probably due to the fact that the exercise program 
adopted global callisthenic exercises only for 3 months 
and, according to Cohen and Narrow, in such conditions, 
improvements in strength and resistance are only shown 
after 6 to 8 months of exercise [58]. This affirms that, 
in spite of the exercise program showing improvements 
DISCUSSION
Several studies have documented the association be­
tween chronic LBP and decreased muscle performance 
[13–15,20,27,50]. In this study, we have used isometric tests 
to evaluate the lumbar muscles’ resistance and strength 
levels, as they are quite easy to teach and perform, which 
allows applying them to a great number of subjects. Be­
sides, according to Brown and Weir, the isometric strength 
test provides predictive information about occupational 
injuries associated with dynamic activities. Furthermore, 
the isometric strength test has been shown to be more 
reliable. However, one should not forget that the isomet­
ric contraction occurs at a certain specific angle that can 
be slightly associated with strength values in other joints 
positions [46]. Despite all these arguments, disagreement 
arises as to the isometric test capacity to predict dynamic 
performance. Taking this into account, it would be impor­
tant to carry out new studies to quantify strength and re­
sistance dynamics.
All strength and resistance measurements were taken 
with individuals in a standing position as, according to 
Rantanen et al. and Rantanen and NyKvist [50,51] in this 
position there is a decrease in the compressive strength 
upon the lumbar column, generated by the psoas muscle. 
Only male workers were included in this study, as, accord­
ing to Ebben and Jensen, there are differences in scope of 
strength between genders [55].
Table 2. Statistical results of the student’s t test for paired samples between moments 1 and 2:  
proof value to the intervention group and the control group
Variables
Intervention Control
moment 1 moment 2 p value moment 1 moment 2 p value
SFle (Kgf) 72.07±14.33 73.39±14.42 0.257 63.49±20.94 58.81±18.40 0.002
RFle (Sec) 42.43±15.58 44.31±15.89 0.259 42.71±19.45 45.17±17.06 0.464
SExt (Kgf) 79.48±15.94 83.29±13.73 0.014 65.74±18.42 61.90±20.10 0.069
RExt (Sec) 51.57±17.60 58.69±15.38 0.006 62.41±18.46 61.79±18.97 0.859
Ratio 1.10±0.25 1.16±0.21 0.037 1.12±0.30 1.08±0.27 0.312
SFle – Trunk flexors strength; RFle – Trunk flexors resistance; SExt – Trunk extensors strength; RExt – Trunk extensors resistance. 
Ratio between trunk extensors/flexors strength.
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as, according to Lee et al., the increase in the extensors/
flexors strength ratio has revealed the biggest solidity in pre­
venting future episodes of back pain [20]. There were also 
ratio changes when comparing the intervention group with 
the control group (intervention group ratio – control group 
ratio). There are no experimental studies which evalu ate 
the changes in the strength ratio following an intervention, 
which emphasizes  the importance of new studies to analyze 
this question in greater detail. 
This study allowed to evaluate the efficiency of a specific 
exercise program in warehouse workers. There were sig­
nificant improvements in the extensor muscle strength 
and resistance, measured eleven months after following 
the exercise program. When comparing both groups, the 
main differences were verified in the lumbar flexors and 
extensors strength.
ACKNOWLEDGEMENTS
This study was supported by a grant from Fundação para 
a Ciência e Tecnologia and Instituto Politécnico do Porto 
(SFRH/BD/50183/2009). The authors thank all participants in 
this study for their time and interest.
REFERENCES
1.  Rissanen A, Heliovaara M, Alaranta H, Taimela S, Mal­
kia E, Knekt P, et al. Does good trunk extensor performance 
protect against back-related work disability? J Rehabil 
Med 2002;34(2):62–6.
2.  Piedrahita H, Oksa J, Malm C, Rintamaki H. Health problems 
related to working in extreme cold conditions indoors. Int J Cir­
cumpolar Health 2008;67(2–3):279–87.
3.  Lahiri S, Markkanen P, Levenstein C. The cost effectiveness of 
occupational health interventions: preventing occupational back 
pain. Am J Ind Med 2005;48(6):515–29.
4.  Kent PM, Keating JL. The epidemiology of low back pain in 
primary care. Chiropr Osteopat 2005;13:13. PMCID: 1208926.
in the trunk muscles resistance, intervention programs 
lasting for many months are most effective in improving 
physical performance [57]. Although in the intervention 
group there were no statistically significant differences in 
the trunk flexors strength levels after implementing the 
exercise program (it increased), in the control group there 
was a statistically significant decrease in the strength of 
these muscles. These changes can show the importance of 
the applied program in preventing atrophy of trunk flex­
ors. The decrease in strength-related values in the control 
group could be explained by the constant use of lumbar 
support belts, which, in the long run, promotes abdominal 
muscle weakness [59]. Nevertheless, the influence of lum­
bar support belts on muscle strength is still a very contro­
versial issue and, because of that, it should be investigated 
in future studies. The increased strength and resistance 
verified in the intervention group can also be justified by 
the decrease in pain perception and by psychological im­
provement during the program [39,52]. 
While analyzing the results, statistically significant differ­
ences were verified between the groups as to the trunk 
extensors muscle strength. The increase of the strength 
registered in the intervention group, when compared to 
the control group, is consistent with the studies of Man­
nion et al., which have used the same methodology for the 
same measurement of strength and with an intensity and 
duration of exercises very similar to the present study [39].
According to Trainor and Wiesel, the ratio between the 
trunk extensors/flexors strength is 1.3/1 [60]. Some studies 
have revealed that patients with back pain have this ratio 
altered comparing to the normal population and that a re­
lation of 1.2/1 to 1.5/1 can be verified in individuals with­
out any symptoms (but likely to develop LBP) and of 1.0 in 
some cases of individuals with back pain [20,61]. The results 
of this study have shown a significant increasing change in 
the initial ratio (intervention group), namely from 1.09/1 
to 1.15/1 eleven months after following the exercise pro­
gram. This change can be seen as having a protective nature 
O R I G I N A L  P A P E R S       C.C. MESQUITA ET AL.
IJOMEH 2012;25(1)86
17.  Imamura ST, Kaziyama HD, Imamura M. Lombalgia. 
In: Teixeira MJ. Musculoskeletal pain. São Paulo: Rev Bras 
Med 2001. p. 375–90 [in Portugal]. 
18.  Juul-Kristensen B, Jensen C. Self-reported workplace related 
ergonomic conditions as prognostic factors for musculoskeletal 
symptoms: the “BIT” follow up study on office workers. Occup 
Environ Med 2005;62(3):188–94.
19.  Vuuren BJ, Becker PJ, Heerden HJ, Zinzen E, Meeusen R. 
Lower Back Problems and Occupational Risk Factors in 
a South African Steel Industry. Am J Ind Med 2005;47(5): 
451–7.
20.  Lee J, Hoshino Y, Nakamura K, Kariya Y, Saita K, Ito K. 
Trunk muscle weakness as a risk factor for Low Back Pain: 
a 5-year prospective study. Spine 1999;24(1):54–7.
21.  Norris CM. Spinal Stabilisation: 3. Stabilisation Mechanisms 
of the Lumbar SpineStabilization Mechanisms of the Lumbar 
Spine. Physiotherapy 1995;81(2):72–9.
22.  Comerford MJ, Mottram SL. Movement and stability dysfunc-
tion-contemporary developments. Man Ther 2001;6(1):15–26.
23.  Richardson C, Jull G, Toppenberg R, Comerford M. Tech-
niques for active lumbar stabilisation for spinal protection: 
A pilot study. Aust J Phys 1992;38(2):105–12.
24.  Sbriccoli P, Yousuf K, Kupershtein I, Solomonow M, 
Zhou B, Zhu MP, et al. Static load repetition is a risk factor in 
the development of lumbar cumulative musculoskeletal disor-
der. Spine 2004; 29(23):2643–53.
25.  Arokoski JP, Kankaanpaa M, Valta T, Juvoren I, Partanen J, 
Taimela S, et al. Back and extensor muscle function during 
therapeutic exercises. Arch Phys Ther Rehab 1999;80(7): 
842–50.
26.  Besler A, Can F. Correlation between pain, trunk muscle 
strength, and functional state in low back pain. Pain Clinic 
2003;15(4):415–9.
27.  Hodges PW. Is there a role for transverses abdominis in lumbo-
pelvic stability? Man Ther 1999;4(2):74–86.
28.  Peltonen JE, Taimela S, Erkintalo M, Salminen JJ, Ok­
sanen A, Kujala UM. Back extensor and psoas muscle 
cross-sectional area, prior physical training, and trunk muscle 
5.  Galukande M, Muwazi S, Mugisa BD. Disability associated 
with low back pain in Mulago Hospital, Kampala Uganda. Afr 
Health Sci 2006;6(3):173–6. PMCID: 1831887.
6.  Brox JI, Storheim K, Holm I, Friis A, Reikeras O. Disability, 
pain, psychological factors and physical performance in healthy 
controls, patients with sub-acute and chronic low back pain: 
a case-control study. J Rehabil Med 2005;37(2):95–9.
7.  O’Sullivan PB, Mitchell T, Bulich P, Waller R, Holte J. 
The relationship between posture and back muscle endur-
ance in industrial workers with flexion-related low back pain. 
Man Ther 2006;11(4):264–71.
8.  IJzelenberg W, Burdorf A. Impact of musculoskeletal co-
morbidity of neck and upper extremities on healthcare utilisa-
tion and sickness absence for low back pain. Occup Environ 
Med 2004;61(10):806–10. PMCID: 1740669.
9.  van Vuuren BJ, Becker PJ, van Heerden HJ, Zinzen E, Meeu­
sen R. Lower back problems and occupational risk factors in 
a South African steel industry. Am J Ind Med 2005;47(5):451–7.
10.  Piedrahita H. Costs of work-related musculoskeletal disorders 
(MSDs) in developing countries: Colombia case. Int J Occup 
Saf Ergon 2006;12(4):379–86.
11.  Battié MC, Videman T, Gibbons LE, Manninen H, Gill K, 
Pope M, et al. Occupational driving and lumbar disc degenera-
tion: a case control study. Lancet 2002;360:1369–74.
12.  Lis AM, Black KM, Korn H, Nordin M. Association between 
sitting and occupational LBP. Spine J 2007;16(2):283–98.
13.  Bovenzi M, Zadini A. Self-reported low back symptoms 
in urban bus drivers exposed to whole body vibration. 
Spine 1992:17(9):1948–59.
14.  Porter JM, Gyi DE. The prevalence of musculoskeletal trou-
bles among car drivers. Occup Med 2002;52(1):4–12.
15.  Wilder DG, Woodworth BB, Frymoyer JW, Pope MH. Vibra-
tion and the human spine. Spine 1982;7(3):243–54.
16.  De Carvalho DE, Soave D, Ross K, Callaghan JP. Lumbar 
Spine and Pelvic Posture Between Standing and Sitting: A Ra-
diologic Investigation Including Reliability and Repeatabil-
ity of the Lumbar Lordosis Measure. J Manipulative Physiol 
Ther 2010;33(1):48–55.
EFFECT OF EXERCISES FOR LUMBAR MUSCLES IN WAREHOUSE WORKERS      O R I G I N A L  P A P E R S
IJOMEH 2012;25(1) 87
39.  Mannion AF, Taimela S, Müntener M, Dvorak J. Active 
Therapy for Chronic Low Back Pain. Part 1. Effects on Back 
Muscle Activation, Fatigability, and Strength. Spine 2001; 
26(8):897–908.
40.  O’Sullivan P, Mitchell T, Bulich P, Waller R, Holte J. 
The relationship between posture and back muscle endurance 
in industrial workers with flexion-related low back pain. Manu­
al Ther 2006;11(4):264–71.
41.  Braggins S. Back Care – A Clinical Aproach. Londres: 
Churchill Livingstone; 2000.
42.  Oddsson LI, De Luca CJ. Activation imbalances in lumbar 
spine muscles in the presence of chronic low back pain. J Appl 
Physiol 2003;94(4):1410–20.
43.  O’Sullivan P, Mitchell T, Bulich P, Waller R, Holte J. 
The relationship between posture and back muscle endur-
ance in industrial workers with flexion-related low back pain. 
Man Ther 2006;11(4):264–71.
44.  Holmström E, Ahlborg B. Morning warming-up exercise 
effects on musculoskeletal fitness in construction workers. Appl 
Ergon 2005;36(4):513–9.
45.  Robinson ME, Greene AF, O’Connor P, Graves JE, Mi l-
lan MM. Reliability of Lumbar Isometric Torque in Patients with 
Chronic Low Back Pain. Physical Ther 1992;72(3):186–90.
46.  Brown LE, Weir JP. ASEP Procedures Recommendation I: 
Accurate Assessment Of Muscular Strength And Power. 
J Exerc Physiol 2001;4(3):1–21.
47.  Douris P, Chinan A, Gomez M, Steffens D, Weiss S. Fit-
ness levels of middle aged martial art practitioners. J Sports 
Med 2004;38(2):143–7.
48.  Pettersen J, Hölmich P. Evidence based prevention of ham-
string injuries in sport. J Sports Med 2005;39(6):319–23.
49.  Remaud A, Cornu C, Guével A. A Methodologic Approach 
for the Comparison Between Dynamic Contractions: Influences 
on the Neuromuscular System. J Ath Train 2005;40(4):281–7.
50.  Rantanen P, Airaksinen O, Penttinen E. Paradoxical vari-
ation of strength determinants with different rotation axes in 
trunk flexion and extension strength tests. Eur J Appl Phy-
siol 1994;68(4):322–6.
strength – a longitudinal study in adolescent girls. Eur J Appl 
Physiol 1998;77(1-2):66–71.
29.  Rissanen A, Heliövaara M, Alaranta H, Taimela S, Mälkiä E, 
Knekt P. Does good trunk extensor performance project against 
back-related work disability? J Rehabil Med 2002;34(2):62–6.
30.  Roussel N, Truijen S, Breugelmans S, Claes I, Stassijns G. 
Reliability of the assessment of lumbar range of motion 
and maximal isometric strength. Arch Phys Med Reha­
bil 2006;87(4):576–82.
31.  Byrne K, Doody C, Hurley D. Exercise therapy for low back 
pain: A small-scale exploratory survey of current physiotherapy 
practice in the Republic of Ireland acute hospital setting. Man 
Ther 2006;11(4):272–8.
32.  Hicks GE, Fritz JM, Delitto A, McGill SM. Preliminary De-
velopment of a Clinical Prediction Rule for Determining Which 
Patients With Low Back Pain Will Respond to a Stabilization Ex-
ercise Program. Arch Phys Med Rehabil 2005;86(9):1753–62.
33.  Punnett L, Prüss-Ustün A, Nelson DI, Fingerhut MA, 
Leigh J, Tak S, et al. Estimating the global burden of low back 
pain attributable to combined occupational exposures. Am 
J Ind Med 2005;48(6):459–69.
34.  Tveito T, Hysing M, Eriksen H. Low back pain interven-
tions at the workplace: a systemic literature review. Occup 
Med 2004;54(1):3–13.
35.  Lahiri S, Gold J, Levenstein C. Estimation of Net-Costs for 
Prevention of Occupational Low Back Pain: Three Case Stud-
ies From the US. Am J Ind Med 2005;48(6):530–41.
36.  Moffett J, Carr J, Howarth E. High fear-avoiders of physical 
activity benefit from an exercise program for patients with back 
pain. Spine 2004;29(11):1167–73.
37.  Scannell JP, McGill SM. Lumbar posture-should it, and 
can it, be modified? A study of passive tissue stiffness 
and lumbar position during activities of daily living. Phys 
Ther 2003;83(10):907–17.
38.  Van Poppel MN, Hooftman WE, Koes BW. An update 
of a systematic review of controlled clinical trials on the pri-
mary prevention of back pain at the workplace. Occup Med 
(Lond) 2004;54(5):345–52.
O R I G I N A L  P A P E R S       C.C. MESQUITA ET AL.
IJOMEH 2012;25(1)88
56.  Gundewall B, Lilequist M, Hansson T. Primary prevention 
of back symptoms and absence from work. Spine 1993;18(5): 
587–94.
57.  Moffroid MT. Endurance of trunk muscles in persons with 
chronic low back pain: Assessment, performance, training. 
J Rehabil Res Dev 1997;34(4):440–7.
58.  Cohen NB, Narrow CM. Effective treatment of back pain. 
J Am Chirop Assoc 1999;36(6):22–6.
59.  Quinn E. The Proper Use of Belts During Weight Training. 
Sports Med 2003:72–8.
60.  Trainor TJ, Wiesel SW. Epidemiology of Back Pain in the 
Athlete. Clin Sports Med 2002;21(1):93–103.
61.  Vital E, Melo MJ, Nascimento AI, Roque AL. Trunk muscle 
strength and back pain complaints in early adolescence. Rev 
Port Fisiot Desp 2007;1(1):4–11 [in Portuguese].
51.  Rantanen P, Nykvist F. Optimal sagital motion axis for trunk 
extension and flexion tests in chronic low back trouble. Clin 
Biomech 2000;15(9):665–71.
52.  Koumantakis GA, Watson PJ, Oldham JA. Supplementation 
of general endurance exercise with stabilisation training versus 
general exercise only Physiological and functional outcomes 
of a randomised controlled trial of patients with recurrent low 
back pain. Clin Biomech 2005;20(5):474–82.
53.  McCarthy CJ, Callaghan MJ, Oldham JA. The reliability of 
isometric strength and fatigue measures in patients with knee 
osteoarthritis. Man Ther 2008;13(2):159–64.
54.  Ebrahimi I, Hosseini GR, Salavati M, Farahini H, Arab AM. 
Clinical trunk muscle endurance tests in subjects with and with-
out low back pain. Med J Islam Rep Iran 2005;19(2):95–101.
55.  Ebben WP, Jensen RI. Strength Training For Women: 
Debunking Myths That Block Opportunity. Phys Sports 
Med 1998;26(5):86–97.
This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License – http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.
